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ABSTRACT: 

N An electrical recording and display apparatus for performing the function of a chart recorder 

comprises a solid state display device (24) controlled from a memory (20) by a display controller 
(21). The memoiy (20) receives signals in the form of 6-bit binary numbers digitised by a signal 
dlgftiser (11) from an analogue input signal. The display device (24) graphically displays a eel of 
the signals stored in the memory and this can be "scrolled" through all the information stored in 
the memoiy in a manner similar to a chart recorder. 
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"A combined information recording and graphic 
display device" . 

The present invention relates to a combined inform- 
5 mation recording and. graphic display device, and 
in particular is intended to serve electronically 
the function 'until now performed by instruments 
known as "chart recorders*, 

10 Chart recorders are used throughout industry to 
provide a permanent record of a varying electrical 
signals Such electrical signal is converted, upon 
being fed to the recorder, to cause displacement of 
a chart marking instrument such as a pen, vhich is 

15 displaceable in a line across the chart whilst the 
chart itself is displaced, perpendicularly with res 
pect to the line of movement of the pen, at a con- 
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stant rate or incrementally in dependence on the cir- 
cumstances. The combined effect of the movement of 
the pen or other marking instrument, which represents 
the value of the input signal at any instant in time, 

5 and the movement of the paper within the chart record- 
er, produces a varying line constituting a permanent 
record of the value of the input signal at any in- 
stant in the time period recorded by the instrument. 
Such permanent records may be required for any one 

10 of a number of purposes, for example analysing the past 
history of variation of a parameter sensed by a suit- 
able sensor and converted into an electrical signal 
which is supplied to the chart recorder, and may be 
tided for any purpose for analysis, control or pre- 

15 diction, 

A major disadvantage with chart recorders is consti- 
tuted by the sheer bulk of the paper constituting 
the record of the signal variations. Indeed, given 

20 that the chart marking usually constitutes only a 

single line on a chart of fixed width the major part 
of the area of the chart is wasted in the sense that 
it provides no useful information except to constitute 
a frame of reference within which the value of the 

Z5 signal can be determined. 

If the information contained on the chart is likely 
to be needed again the whole chart must be stored and 
the storage problems for such bulky objects rapidly 
30 become a major problem. Access to a given item of 

information is also difficult since the chart can only 
be viewed sequentially by "scrolling" through the 
length of the chart to find a period of interest. 
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Other disadvantages of known chart recorders are re- 
lated to their" mechanical nature, and therefore the 
relatively poor response to rapidly fluctuating input 
signals which limits the high frequency end of the 

5 signal spectrum, and to the fact that. mechanical dis- . 
turbanceS to the recording instrument itself can 
affect the value of the record thus produced indep- 
endently of the variations in the input signal there- 
by introducing another error. Further, the relatively 

10 fixed nature of the chart record means that comparison 
between the signal values, at two widely differing 
points in time can be effected only with difficulty, 
either by paying the charts out . on a large table and 
physically moving the regions of interest into juxta- 

15 position, or by effecting measurements of the linear 
dimensions on the chart and storing these separ- 
ately thereby, again, introducing potential errors 
in measurement of the chart itself* 

20 The present invention seeks to provide a recording and 
display instrument capable of performing the same fun- 
ctions as are currently performed by chart recorders , 
but which will overcome many of the above indicated 
disadvantages of chart recorders utilising visibly 

25 marked paper as the recording medium. The present 
invention aJ.so seeks to. provide apparatus which is 
capable of storing the information electronically 
and displaying it likewise thereby making it possible 
to display two or more sections of a signal of inter- 

30 est simultaneously or sequentially in order to effect 
comparisons. 

Further , the present invention seeks to providie a 
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recording and display instrument in which the record 
of a signal variation over an extended period of time 
can be stored in a relatively small space avoiding 
the necessity for large rolls or stacks of paper. 

5 

Finally, the present invention seeks to provide an 
instrument capable of recording and displaying the 
value of a varying incoming electrical signal util- 
ising only solid state electronic components which 
10 are, therefore, not subject to the perturbing in- 
fluences of mechanical vibrations or other environ- 
mental disturbances* 

According to the present invention, therefore, elec- 
tronic recording and display apparatus comprises 
means for digitising the value of incoming electrical 
input signals varying in value with time % said 
digitising means including converter means for con- 
verting the input signal to pulse form and integrator 
means for integrating the pulses to produce a digit- 
al signal representative of the analogue value of 
the input signals , a random access memory for storing 
successively generated digital signals representing 
the mean value of the input signal over the sampling 
interval at successively addressable storage lo- 
cations in a predetermined reading pattern in the 
memory, and a solid state mateix display device oper- 
able to display a plurality of successive digitised 
values of the input signal. 

The apparatus of the present invention can thus be 
used to provide a graphic display of the manner in 
which an input signal has varied with time in a 
preceding time period, the individual digitised signal 
being displayed in such a manner that the magnitude 



20 



25 



30 
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of the digitised signal is represented as a linear 
dimension on the display. 

Of course i the memory may contain a- very much greater 
number of signals than can be'displayed at any one time 
on the display screen, and, therefore, there are 
preferably provided means for selecting the set of 
displayed digitised values from the total set of 
stored values in the memory. An operator may thus 
choose to display the set of most recent signals, 
or any set of signals from a period in the past 
selected by operating, for example, on a keyboard 
linked to a microprocessor controlling the apparatus. 



10 



20 



15 In a preferred embodiment of the invention the solid 
state display device is controlled by the apparatus 
in such a way as to display each digitised signal as 
a line on- the screen, adjacent digitised signals 
in a set. thereof displayed on the screen being dis- 
played as adjacent lines and the length of each line 
from a given edge of the display screen representing 
the magnitude of the digitised signal represented 
thereby, 

25 To further extend the usefulness of the apparatus 
of the present invention, for example to allov it to 
provide a permanent record of variation of a signal 
oyer a long period, perhaps running into years, 
there may be further provided permanent storage means, 

30 and means for transferring the information from the 
memory to the said permanent storage means. Any 
known permanent storage means suitable for storing 
sets of electrical signals , and which can be "read" 
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to provide a regeneration of the electrical signals 
may be employed. For this purpose it is envisaged 
that the permanent storage means may include a mag- 
netic recording medium such as magnetic tape or mag- 

5 netic disc, or alternatively, a second solid state 
memory device may be employed, in wnicb case this 
is preferably a programmable read-only memory device* 
Buch a memory device is normally hard wired into the 
circuit and for the purposes of the present invention 

10 it is envisaged that the permanent memory would be 
provided with releasable connections, for example 
in the form of plug and socket contacts such as the 
edge contacts frequently provided on printed cir- 
cuit boards , to allow the memory to be plugged in 

15 for transfer of* information, and subsequently removed 
for storage. Non-volatile memory devices are re- 
quired for this purpose and, if necessary, additional 
electrical supply by battery incorporated into the 
modular unit may be provided. 

20 

The solid state display device may be a liquid crystal 
dot matrix display or an electro luminiscent display. 
A graphic display may be generated on such a device, 
this display being built up from individual visually 
25 discernable cells or units. Such a matrix is divided 
into rows and columns defining a matrix of dots each 
dot being capable of being electrically energised to 
provide one of two binary, visually distinguishable 
states, m a reflective cell the states represent 
reflective and non-deflective areas such that in- 
cident light falling on the screen is selectively 
reflected to provide a pattern of light and dark 
areas which can be visually distinguished by an ob- 
server. The data stored in the memory is applied 



30 
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to this display device in such a way that a pattern 
is built up in a. manner, representative of that dis- 
played on a conventional paper chart recorder. 
Additionally, means may be provided for displaying 

5 at least some of the information in alpha-numeric 
form, and the information displayed may represent 
the values of all or some of the signal samples 
displayed in graphic form on the screen, or may 
represent values derived therefrom or intermediate 

10 values in calculations in which the values of the 
signal are. substituted in order, for example, to 
determine safety margins or operating conditions. 
For example, the instantaneous values of each sample 
displayed graphically on the. screen may be summed 

15 to provide a separate alpha-inumeric display repres- 
enting the total integral value of the signal over 
the time period in- question, or alternatively 
an average value may be generated therefrom to rep- 
resent the mean value of the signal over the display 

20 period. Such a mean value may also be indicated 
graphically either simultaneously or sequentially 
with the graphic display, of the digitised signals. 

The display control means referred to above may 
25 also be operable to change the display by. sequentially 
adding one signal to one end of the display and re- 
moving a signal from the other end of the display, 
shifting each individual stored signal one unit 
along the display screen so that an effective "scroll- 
30 ing" through the stored information is achieved. 

Since the individual digitised signals are stored in 
a predetermined address pattern in tie memory it is 
possible for the apparatus automatically to display 
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a band of these signals by following the predetermined 
address pattern. 

In addition, the display control means may select a 
5 set of values from one location in the memory and 
another set of values for display from another lo- 
cation in the memory, the display screen then being 
split to allow two sets of values to be displayed at 
once for comparison purposes. The screen may be 
10 split longitudinally or transversely (in relation 
to the time axis) for this purpose and, indeed, 
more than two separate sets of signals may be dis- 
played at any one time if comparison between three 
or more sets of signals is required. 

15 

One embodiment of the present invention will now be 
more particularly described, by vay of example, with 
reference to the accompanying drawings, in which: 

Figure 1 is a block schematic diagram iliustrat- 
20 ing a circuit constituting an embodiment of the 
present invention; 

Figure 2 is a block diagram representing a part 
of the circuit of Figure 1 { and 

Figure 3 is a face view of a screen of a dis- 
25 play device forming part of the embodiment of 
Figure 1. 

Referring now to Figure 1 , the circuit shown is pro- 
vided with input terminals 9,10 for receiving an 
30 analogue input signal which varies in time. Such 

signal may, for example, be a voltage signal the value 
of which varies in dependence on a measured parameter 
which causes it to vary in time. The nature of the 
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input signal is not, of course, critical to the 
present invention and adaptation . for accepting an 
electrical signal in' which the information is con- 
tained in a varying current rather than a varying' 

5 voltage is equally within the scope of the present 
invention, likewise, the source of the signal is 
unimportant and may come from any type of electrical 
measuring or signal generating equipment to which a 
chart recorder may in the past have been attached to 

10 provide a display and record of the variations thus 
manifest. 

The voltage signal appearing between the terminals 
9,10 is applied to a signal digitiser 11 which will 

15 be described in more detail in relation to Figure 2. 
This signal digitiser receives a timing signal from 
a time period generator 19 and produces an output 
signal on a data bus 12 in the form of a digital 
number of binary form. The data' bus 12 may, for 

20 example, contain eight lines in which case the 

digital number emitted by the signal digitiser 11 may 
vary between 0 and 256. ' Greater discrimination and 
definition may be achieved by utilising equipment 
capable of operating on more than 8-bit digital 

25 signals, buffer the present description it will 
be assumed that 8-bit digital number may contain 
the required information with adequate resolution 
for the purposes of understanding the way in which 
the invention operates. 

30 

The data bus 12 branches into two parts 13, 14 and 
the latter branch, 14, leads to a" memory 20 whilst 
the former, 13 branches again into, a branch 15 and 
a branch 16 the former of which leads to a display 
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controller 21 and the latter of which leads to a 
record/play back circuit 17 which also receives con- 
trol signals from an address generator 18. The 
address generator 18 is interconnected with the time 
period generator 19 and is linked by an address bus 
22 to the display controller 21 and by a branching 
address bus 23 to the memory 20. A further branch of 
the address bus 22 leads to a permanent record memory 
31. 



The display controller receives intput control signals 
from a keyboard 32 and generates control signals on 
an output bus 33 leading to a solid state display 
device 24 which, as mentioned hereinabove, may be an 
15 electroiuminiscent display or a liquid crystal matrix. 

Referring now to Figure 2, the digitisation of the 
signal appearing across the terminals 9,10 as an 
analogue voltage signal is effected by means of a 

20 vol t age- to-fr equency converter 25 which receives 
the varying input voltage signal and produces a 
frequency signal at the output thereof which varies 
in dependence on the magnitude of the input voltage 
signal. The varying, frequency signal from the voltage- 

25 to-frequency converter 25 is supplied to a pulse 
shaper 26 which, by any of the known means .(such as 
infinite clipping or saturation amplifying) produces 
a square pulse wave form at its output at the same 
frequency as the wave form at the input. The square 

30 pulses from the pulse shaper 26 are then supplied to 
a counter 27 which counts for a time period deter- 
mined by the period generator 19 which, as shown in 
Figure 2, is itself constituted by an oscillator 28, 
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a first counter 29 the output of vhich is connected 
to a second counter 30 and to its own reset input, 
the output of the counter 30 being connected to its 
own reset Input and to the reset terminal of the 

5 counter 27. The oscillator 28 generates a fixed 
frequency signal which is f in effect, divided down 
by the counters 29 and 30 to produce an output 
signal at a fixed period vhich depends on the re- 
quired sampling time. This sampling time may be 

10 any suitable time period for the purposes to which 
the recording instrument of the present invention 
is put and may vary from merely seconds in some 
situations to minutes, hours or even weeks in 
others. For example in the present description 

1 5 the time period will be assumed to be one minute. 
The counter 27 vill thus produce an output to the 
data bus 12 representing the number of input pulses 
Mrtiich it has counted during the preceding minute and 
is then reset by the time period generator 19 which 

20 latter then commences to time the next one minute 
period. The output from the counter 27 is. in the 
form of an 8-bit binary number supplied to the 
memory 14 and stored there in an address deter- 
mined by the address generator 18 which is also 

25 controlled by the time period generator 19 so that 
each individual 8-bit number arriving on the hranch 
14 of the data bus 12 is directed to an individual 
separate address by the address generator 18 until 
the memory 20 is full. When this happens the future 

30 operation of the circuit depends on the programme 
in the display controller 21 . If a long term store 
of the information is not required the address gen- 
erator 18 may merely cycle thr ugh the address lo- 
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cations in the memory 20, starting again with the 
first address location when the last has been filled 
so that the device only contains information per- 
tinent to a fixed preceding time period and is con- 

5 tinually updated. Alternatively, if a permanent 

record is required,' the display controller 21 detects 
when the last memory location is filled in the 
memory 20 and triggers the record/playback circuit 
17 to cause the memory 20 to unload its contents into 

10. a permanent record 31. As explained above this 
permanent record may be in the form of a magnetic 
; disc of known type, a magnetic tape or a program- 
mable read-only memory, in the case of the pro- 
grammable memory this is held in a casing having 

15 releasable terminals such as plug and socket con- 
nections enabling it to be removed easily for 
storage and replaced by a similar memory for storing 
the next set of signals. 

20 The display on the display device 24 is representa- 
tive of a fixed size set of signals within the 
memory, and represents a "field of view" determined 
by the maximum number of matrix elements from which 
such a display device may be made. The physical 

25 dimensions of the apparatus and the required res- 
olution of the signal will also determine the number 
of individual digitised signals which may be dis- 
played on the screen. Figure 3 illustrates the 
format in which the screen image appears, this 

30 representing a plurality of dark columns 40, 41 

etc. , the length of which from the edge 42 of the 
screen represents the position of a line 43 con- 
stituting an indication of variation in the value of 
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the incoming signal applied to the terminals 9 , io. 
In addition, on the screen, alpha numeric repres- 
entation of. selected signals and calculations made 
from the values of these signals nay be displayed. 

5 In Figure 3 the alpha-numeric display represents 
the maximum value, that is the value of greatest 
signal displayed, and the "average' value of the 
signals displayed. It vill be apparent to those 
skilled in the art hov other alpha-numeric signals 

10 representative of any desired combination of tte 
stored signals or calculations based on the values 
of these stored signals may be made. 
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Claims: 

1. Electronic recording and display appar- 
atus characterised in that it comprises means (11) 

5 for digitising the value of incoming electrical in- 
put signals varying in value vith time, said digit- 
ising means (11) including converter means (25,26) 
for converting the input signal to pulse form, and 
integrator means (a?) for integrating the pulses to 

.10 produce a digital signal representative of the anal- 
ogue value of the input signal , a random access mem- 
ory (20) for storing successively generated digital 
signals representing the mean value of the input 
signal over the sampling interval at successively 

15 addressable storage locations in a predetermined 
reading pattern in the memory (20), and a solid 
state matrix display device (24) operable to dis- 
play a plurality of successive digitised values 
of the input signal, 

20 

2. Electronic recording and display 
apparatus according to Claim 1, characterised, in 
that the display device (20) is operable to dis- 
play the individual digitised signals in such a 
25 manner that the magnitude of the digitised signal 
is represented as a linear dimension on the display 
. (20). 



3, Electronic recording and display 
apparatus according to Claim 1 or Claim 2, char- 
acterised in that there are means (18,21) for 
selecting a set of displayed digitised values from 
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the total set of stored values in the memory (20). 

4. Electronic recording and display appar- 
atus, according to any of Claims 1 to 3, character- 

5 ised in that the solid state display device (24) 

displays such digitised signal as a line on the screen, 
adjacent digitised signals in a set thereof displayed 
on the screen being displayed as adjacent lines and 
the length of each line from a given edge of the dis- 

10 play screen (24) representing the magnitude of dig- 
itised signal represented thereby. 

5. Electronic recording and display appar- 
atus according to any preceding Claim, characterised 

15 in that there are further provided permanent stor- 
age means (31) and means (21,22) for transferring 
the information from the memory. (20) to the said 
permanent storage means (31). . 

20 6 - Electronic recording and display appar- 

atus according to Claim 5, characterised in that the 
permanent storage means ( 31 ) comprise a magnetic 
recording medium such as tape, disc or drum, or 
a programmable read-only memory device, 

£ 5 ... . - 

7» Electronic recording and display appar- 
atus according to any preceding Claim, character- 
ised in that the solid state display device (24) is 
a liquid crystal matrix display, or an electro 
30 luminescent display. 

8. Electronic recording and display appar- 
atus according to any preceding Claim, characterised in 



JAN 15 '02 IS: 13 



5124289871 



PAGE. 30 



01/15/02 14:36 DEWRN & LRLLY > L.L.P. * I BUR NO. 033 031 

016503a 



- 16 - 

that there are provided display control means (21) 
For controlling display of a selected plurality of 
digitised signals from the memory, the control means 
(21) being operative to change the set of displayed 
signals by one to the signal stored in the adjacent 
address. location in the memory (20) after each set 
has been displayed for a predetermined time whereby 
to effect apparent "scrolling" through the stored 
information. 



.10 



9- Electronic recording and display appar- 
atus according to Claim 8. characterised in that 
the display control means (21) is operative to 
display two or more sets of digitised signals sel- 
ls ected from the signals stared at different address 
locations in the memory (20) whereby to effect a 
comparison display on the display device (24). 



20 



1.0. Electronic recording and display appar- 
atus according to any preceding Claim, characterised 
in that the display controller (21) is further 
selectively operable to cause the display device 
(24) to display data representing the numerical 
values of the digitised input signals and/or the 
25 value of other signals derived therefrom in addition 
to or in place of the graphic display, of the dig- 
itised signal variation, this data display being 
in the form of alpha numeric characters. 

30 1 . 1 • Electronic recording and display appar- 

atus according to any of Claims 6 to 10, character- 
ised in that the permanent storage means (31) 
comprises a solid state memory device provided with 
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releasabie electrical terminals vhereby the 
memory device (31) can be removed and replaced 
periodically so as to provide a separate perman- 
ent record of the data over a given recording tune 
5 period* 



t 

I 
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